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INTRODUCTION
The Illinois Department of Natural Resources (IDNR) established the Illinois EcoWatch
(EW) Network in 1995. This program is part of a larger IDNR initiative called the Critical
Trends Assessment Program (CTAP). CTAP is a statewide monitoring program using both
volunteers and professional scientists to collect long-term trend data on the condition of the
state's ecosystems. This is the first project of its kind to provide a comprehensive assessment of
the Illinois environment and is designed to provide the state and its citizens with the data
necessary to create a plan for the future of its ecosystems. The ForestWatch (FW) Program
coordinates a statewide network of volunteers working to collect scientific information on
Illinois forests. These data document long-term trends in forest health based on the monitoring
of trees, shrubs, and indicator herbaceous species.
The use of volunteers to collect a wide range of biological data has drastically increased
since the early 1990s (EPA 1998). Volunteers can collect critical information on a wide range of
sites that would otherwise not be monitored by professional scientists due to budget constraints.
However, the quality of data collected by volunteers is a major concern for biologists and state
agencies nationwide (Penrose and Call 1995). Metrics collected by biologists are more sensitive
and precise than data collected by volunteers because they are based on more complete
identification (Ely 2000). However, studies have indicated that volunteers are capable of
collecting useful information that can complement and support professional monitoring. For
example, parallel studies have shown that benthic macroinvertebrate data collected by volunteer
and professional scientists to assess stream quality were highly correlated (Ely 2000). Because
the credibility of volunteer data is often questioned, the EW program implemented a shadow
study in 1998 to examine how well volunteers were identifying and counting tree species. Data
collected by certified EcoWatch Trainers (control) were compared to those collected by trained
Citizen Scientists (volunteers). The assumption was that because EW Trainers are responsible
for instructing Citizen Scientists on FW procedures, the two groups should obtain similar results.
If results vary, training efforts could be concentrated on parameters where discrepancies were
seen and ultimately improve FW data quality.
EXPERIMENTAL DESIGN
EW staff visited 12 volunteer sites from 1998 to 2000 (Fig. 1). These sites were
distributed throughout the state. Adult volunteers monitored the majority of sites. School groups
monitored only two sites.
Shadowing was conducted without prior knowledge of volunteer results in order to avoid
bias. EW staff selected sites to shadow based on access and convenience. Maps drawn by
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volunteers were used to find volunteer sites and transect lines. Volunteers were asked to monitor
their sites as usual following the procedures outlined in the FW Monitoring Manual (IDNR
2000). FW volunteers identify most Illinois trees to the species level with a few notable
exceptions including Carya, Crataegus, Fraxinus, and non-native Rhamnus genera, which are
identified to the genus level. Trainers were instructed to replicate the procedures within a few
weeks of the volunteer monitoring period. All nomenclature used in this document is according
to Mohlenbrock (1986).
The Wilcoxon rank-sum test was used to examine significant differences between
volunteer and EW staff tree data (p < 0.10) (SAS Institute Inc. 1989) because data were not
normal. This test was only used for tree genera with a minimum sample size of 10 becaue
smaller sample sizes provide skewed results. However, most tree genera had extremely small
sample sizes, making a statistical comparison unreliable.
Because the majority of the tree species had very small sample sizes, percent deviation
and simple scatter plots were also used to examine discrepancies between volunteer and EW staff
findings.
Percent deviation is the difference between the volunteer tree abundance value and the
EW tree abundance value divided by the EW abundance value and multiplied by 100 as shown
below:
(Tree Abundance v - Tree Abundance Ew) / Tree Abundance EW X 100
where V = volunteer data and EW = EcoWatch staff data. Percent deviations were then used to
derive volunteer accuracy rates for tree species. The accuracy rate for FW data was not expected
to be at the same level as professional scientists due to the low technical expertise of volunteers.
An accuracy rate of 80% was deemed a realistic expectation for volunteer data to meet, yet high
enough for reliable statistical analyses.
Additionally, tree genera across all sites were graphed on scatter plots to better interpret
differences between the volunteer and EW tree abundance counts. The points on the graph
represent abundance counts for both groups across all sites. A diagonal line drawn through the
graph represents 1: 1 agreement between the two sets of data (volunteer and EW staff). This line
is the ideal where both groups agree on the same identification and counts for each tree species.
The farther away a point is from the line, the greater the difference between what the volunteer
and EW staff found. Only tree species with a minimum of five data points were graphed.
RESULTS
The Wilcoxon rank-sum test indicated there was no difference between data collected by
volunteers when compared to EW staff at the genus level for Acer, Quercus, and Ulmus (p <
0.10) (Table 1). Additionally, there was no difference between the two groups when looking at
all species (Z = -1.045; p < 0.10).
EW staff identified 41 species at the shadowed sites while volunteers identified 40
species. However, each group found species not found by the other group (Table 2). When
examining the list of species found by one group and not the other, it was apparent that both
groups agreed at the genus but not the species level. For example, volunteers identified Morus
rubra at two sites while EW staff counted the same number of trees but identifed them as Morus
alba (Table 2). This also occurred with cedars with volunteers identifying the trees as Juniperus
virginiana and EW staff as Thuja occidentalis.
The accuracy rate for all species was 90%, well above the 80% accuracy rate (Table 3).
Accuracy rates at the genus level tended to be above 80% with the exception of Crataegus and
Celtis. Ten species had accuracy rates above 80% including Acer saccharum, Juglans nigra, and
Tilia americana. However, 22 species were below the 80% accuracy rate including Acer
rubrum, Cornusflorida, and Gleditsia triacanthos. The lowest accuracy rates werefor Ulmus
americana, Ulmus rubra, Ulmus alata, Quercus marilandica, Quercus alba, and Gleditsia
triacanthos, which were all below 40% (Table 3).
The overall accuracy rate increased to 98% when only adult volunteer data were
examined and school group data were removed from the data set. The accuracy rates for 26
species either stayed the same or increased if only adult volunteers were considered. However,
nine species had lower accuracy rates when school group data were excluded. Accuracy rates for
all Quercus species with the exception of Quercus rubra decreased when school groups were
removed from the data (Table 3). However, the accuracy rates for all Ulmus species increased
when school group data were excluded. Separating school group data from adult volunteer data
did not indicate that the majority of abundance errors were from school groups (Figs. 2 and 3).
Fraxinus and Ulmus alata were the exception, with a large discrepancy between EW and school
group abundance counts.
Carya abundance numbers had the highest level of agreement when comparing
volunteers and EcoWatch staff results using scatter graphs, followed by Acer and Fraxinus (Fig.
2). There was a low level of agreement when looking at Ulmus and Quercus using scatter graphs
(Fig. 3). In most instances volunteers and EW staff were within ± 10 abundance counts for most
species. However, a few outliers were typically present with all genera where volunteer
abundance numbers were in high disagreement with EW findings.
DISCUSSION
Volunteers are exceeding the 80% accuracy rate iri regards to identification at the genus
level. Typically volunteers were able to identify most trees to the correct genus but they often
made mistakes when identifying to species. The quality of volunteer data is of concern for many
biologists and state and federal agencies. In this study, we have demonstrated that the accuracy
rate of volunteer tree identification exceeded expectations.
The most difficult species for volunteers to identify were Celtis, Ulmus, and Quercus.
The discrepancy between the overall accuracy rate for Ulmus (81%) and the accuracy rates for
individual species such as Ulmus americana (20%) can be explained by the ability of volunteers
to identify to genus accurately but not to species. Separating Ulmus rubra from Ulmus
americana is very difficult, even for professional botanists. It is not surprising that volunteers
would mistake these two species for each other. The ability to identify to genera but not to
species may also be occurring with other genera such as Morus. While the accuracy rate for this
group was good (83%) when mulberries were separated by species on the scatter graphs, there
was a high level of disagreement between EW staff and volunteers (Fig. 3).
This trend continued to occur when examining Quercus and Celtis results. Overall,
accuracy rates for Quercus genera were high (92%). However, when looking at individual
species it was evident that accuracy rates to the species level were poor. For example, Quercus
alba had an accuracy rate of 36%. There are many species of oak in the state and they are
difficult for amateurs to distinguish from one another. Many forest plant communities in Illinois
are dominated by various Quercus species, which reflect very different plant communities.
Therefore, it is essential that the EW program increase accuracy rates for this group.
Surprisingly, Celtis identification at the species level was poor. Celtis has distinctive bark that is
very recognizable. An examination of the raw data indicated that Celtis was most likely
identified correctly since volunteers and EW staff were both recording Celtis at each site
shadowed. However, there was a high level of disagreement in abundance counts between the
two groups. The most likely source of the discrepancy was transect location differences, which
is discussed later in this report.
Acer, Fraxinus, and Carya were the easiest genera for volunteers to identify. In the case
of maples they are easy to recognize and are also commonly planted on city streets. The Carya
and Fraxinus genera were also easier for volunteers to recognize since the FW Program does not
require volunteers to identify them to species.
One interesting finding of this study was the data differences between adult volunteers
and school groups. EW staff who have assisted school groups during monitoring have reported
that high school students often do not take data collection very seriously. Many high school
students have been seen to gloss over identification and identify species in less than five minutes.
Preliminary analyses seen here also indicated that adult volunteers may be doing a better job
identifying and counting species since once the school group data were removed from the data
set, most accuracy rates increased. However, additional data are needed to make any broad
conclusions concerning this issue because most volunteers shadowed were adults.
Although our data showed that the accuracy rate is high for volunteers, misidentification
is still occurring. One potential source of misidentification is poor training. Volunteers are
required to attend one training session of approximately eight hours before they are allowed to
monitor. This session includes instruction on the monitoring procedures as well as guidance on
how to use tree keys. Unfortunately, volunteers do not get a great deal of exposure during these
sessions on identifying particular species. Volunteers often report on feedback forms that their
greatest concern when monitoring is a lack of confidence in their tree identification skills.
Ironically, while volunteers report they do not feel comfortable identifying trees on their own,
there is still poor attendance by volunteers at review sessions, which are strongly encouraged but
not required by the program.
To address some of these concerns, training strategies were recently changed. EW
Trainers are now sponsoring review sessions in the form of wildflower and tree walks that are
better attended than the traditional classroom review sessions. The program is also developing a
tree identification walk at various state parks throughout the state. An EW tree trail will be
marked at participating state parks with numbered trees that volunteers can identify and record in
the field. Volunteers can then find out how well they did by accessing the EW Web site for the
correct identification.
Another potential source of identification errors was the lack of good herbarium
collections at regional offices. Herbariums collections at some offices did not contain all
common tree species within their region or the specimens were missing important diagnostic
features such as seeds or flowers. It is essential for EW Trainers to have actual specimens to
show volunteers when common species are not present at the outdoor training sessions. This
might also have the additional advantage of showing volunteers the direct benefit of having
herbariums for their sites.
Another potential source of error is inadequate site maps. Each volunteer is required to
sketch her or his site in great detail with compass bearings to notable landmarks. This is
essential so that transect lines can be relocated the next time volunteers monitor. EW staff who
conducted this study had great difficulty finding transects stakes using these volunteer maps.
Many of the maps were very poorly designed with inadequate documentation for finding stakes.
EW staff often suspected they might not have been in the exact location where volunteers
monitored. Even small discrepancies in transect location can cause large changes in species
found as well as abundance counts. For example, Populus deltoides is extremely easy to identify
yet the accuracy rate was low; when the raw data were examined it was evident that the
discrepancy between volunteers and EW staff was in abundance counts not in identification. A
great concern is the possibility that EW staff are misidentifying species. For example, EW staff
reported finding Thuja occidentalis at one site while the volunteer identified it as Juniperus
virginiana. Thuja occidentalis is a state-threatened species and extremely rare. It is doubtful
that EW staff made the correct identification. It is also possible that volunteers do not spend
adequate time counting individual trees. The tendency to miscount is common in the
RiverWatch program where volunteers often miscount macroinvertebrate taxa in their samples.
In response to these concerns, the FW program changed the manual and training procedures to
encourage volunteers to draw better maps and to place an additional stake at the 75-meter point
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along each transect. Detailed maps and better staking will help alleviate if not eliminate the
transect location discrepancies.
The FW program has already implemented changes to the procedures, which should
lessen errors highlighted in this report. The most important change was the decision to
systematically check volunteer herbarium collections. The FW program has always required
volunteers to submit herbarium specimens for all tree species found at their site. However, this
requirement was never enforced or actively encouraged. Starting in the fall of 2001, the program
will be randomly selecting 30% of the sites and asking volunteers to submit a complete
herbarium. EW Trainers will also be emphasizing the importance of herbariums at training and
review sessions. The program is also planning to offer sessions on how to make herbariums to
interested volunteers. It is essential for volunteers to submit herbariums so that accuracy rates
improve.
In addition to the recommendations and changes that have been made to the FW program,
a future shadow study comparing data before and after implementation would be highly
beneficial once volunteers begin submitting herbariums and better site maps,. One could then
determine if data quality increased by implementing these training and manual changes.
In addition, a study shadowing school groups will allow a better comparison between adult
volunteers and school groups. Since EW staff and Trainers often attribute school groups with
higher error rates than adult volunteers, it would be beneficial to obtain actual data to answer this
question. It would also allow FW to begin developing different training strategies for school
groups if actual differences were detected.
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Table 1. Comparison of volunteer and EcoWatch Staff results using a Wilcoxon rank-sum test for tree
genera with a minimum sample size of 10; CS = citizen scientists, N = sample size, SE = standard error,
EW = EcoWatch staff, Z = Wilcoxon rank-sum test (p < 0.10).
Genera
Acer
Ulmus
Quercus
Total (all species)
N
14
20
23
129
EW Mean ± SE
24 9
11 5
4.2 ±0.9
11 ±2
CS Mean ± SE
22 ±9
9±4
4.5 ±1
10 2
Table 2. Tree species identified by either EcoWatch staff or volunteers but not by the other group.
Volunteer Species
Betula nigra. (River Birch)
Morus alba (White Mulberry)
Quercus muehlenbergii (Chinquapin Oak)
EcoWatch Staff Species
Carpinus caroliniana (Musclewood)
Betula papyrifera (Paper Birch)
Morus rubra (Red Mulberry)
Quercus bicolor (Swamp White Oak)
Thuja occidentalis (White Cedar)
z
-0.415
-0.588
-0.144
-1.045
P>Z
0.678
0.556
0.885
0.296
---
Table 3. Volunteer accuracy rates for tree species using percent deviations; the numbers in parentheses
indicate the accuracy rates if school group data are removed from the data set; NA = not applicable, the
species was not found at adult volunteer sites; NF = not found, indicating the species was found by EW
staff but not by the volunteers.
Species Accuracy Species Accuracy Rate
Rate
Acer 90% (93%) Prunus 74% (81%)
Acer negundo 76% (80%) Prunus serotina 75% (81%)
Acer rubrum 50% (100%) Quercus 92% (77%)
Acer saccharinum 93% (93%) Quercus alba 36% (47%)
Acer saccharum 99% (96%) Quercus bicolor NF (NA)
Asimina triloba 66% (66%) Quercus macrocarpa 50% (30%)
Carpinus caroliniana NF (NA) Quercus marilandica 23% (20%)
Carya 98% (98%) Quercus rubra 48% (68%)
Celtis 72% (77%) Quercus velutina 95% (80%)
Celtis laevigata 40% (66%) Rhamnus 100% (NA)
Celtis occidentalis 76% (78%) Robinia pseudoacacia 100% (100%)
Cornus florida 75% (72%) Sassafras albidum 50% (50%)
Crataegus species 52% (48%) Thuja occidentalis NF (NA)
Fagus grandifolia 100% (100%) Tilia americana 92% (92%)
Fraxinus 93% (93%) Ulmus 81% (85%)
Gleditsia triacanthos 33% (33%) Ulmus alata 10% (66%)
Juglans nigra 82% (86%) Ulmus americana 20% (60%)
Liquidambar styraciflua 60% (60%) Ulmus rubra 36% (92%)
Liriodendron tulipifera 100% (100%) Total (all species) 90% (98%)
Morus 83% (83%)
Morus rubra NF (NA)
Ostrya virginiana 100% (NA)
Pinus strobus 96% (96%)
Populus deltoides 57%
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Figure 1. Location of ForestW atch shadowed sites 1998-2000.
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Figure 2. Comparison of tree genera abundance data from EW and volunteers across all sites. Only tree genera
with a minimum sample size of five are shown. Open circles represent data from school groups while closed circles
represent data from adult volunteers. The diagonal line represents a 1:1 agreement between EW and volunteer results.
Therefore, the farther away a circle is from the line the greater the disagreement between the two groups.
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Figure 3. Comparison of tree species abundance data from EW and volunteers across all sites where
the accuracy rate was less than 50%. Only species with a minimum samples size of five are shown.
Open circles represent data from school groups while closed circles represent data from adult volunteers.
The diagonal line represents a 1:1 agreement between EW and volunteer results. Therefore, the farther
away a circle is from the line the greater the disagreement between the two groups.
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